Announcements 25 Mar 09

+ "Homework #7
- Written homework due at the»beginning of cjass on Friday‘
— Online homework due on Tuesday next week

+ Office hours
— Thursday 2:00 to 3:30 pm this week

FOX TROT

The Force of Gravity

offthe by Mark Parisi

ww.offthemark.com

Sir Isaac Newton

SIR 1SAAC NEWTON WoULD HAVE
DISOVERED GRAVITY YpRS EARLIER HAD
WILLIAM TELL NOT WANDERED BY

Is there a connection between

these two motions?
Apple falling from a tree vs. Moon orbiting Earth




Newton’s profound insight

Imagine the force pulling on the apple has a range that
extends far above the tree

Imagine a large canon on top of
a tall mountain

What happens to the projectile if its
Initial horizontal speed is very large?
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The speed can be large enough for the projectile
to reach orbit and continuously fall toward the center of the Earth
=>» The Moon orbits the Earth by continuously falling toward
its center
=» Connection between “celestial mechanics” and
“earthly mechanics” 5

The Force of Gravity

r is the distance
between the.,
centers. i
=>“universal”’ law

i.e. applies everywhere
in the Universe

lon2
" The forces are an

2on 1 action/reaction pair.

Newton’s law of gravity If two objects with masses 72, and i, are a distance
7 apart, the objects exert attractive forces on each other of magnitude

Gmym,
Flon2 = FZonl = ’.2 (621)
The forces are directed along the line joining the two objects.
The constant G is called the gravitational constant. In the SI system of
units, G has the value

G = 6.67 X 107" N - m%kg?



Gravitational force problem 1

A typical bowling ball is spherical, weighs 16 pounds, and has
a diameter of 8.5 in. Suppose two bowling balls are right next
to each other in the rack. What is the gravitational force
between the two—magnitude and direction?
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m, m,

o Know Find
:j% w=161b  F,,=? _ |
S w,=161b —
) . 00254 m
r=85in=85in ————=0216 m  Assume all the mass
11in )
454 N is concentrated at the
w, =161b-— =726 N center of each ball
m="r e 20N kg
g g 98 m/s X
© 727k
B Fppy =G = (6.67x107' N - m? /kgz)(ig)z =7.55x10°N
r (0.216m) .



Gravitational force problem 2
What is the magnitude and direction of the
force of gravity on a 60 kg person?

Know Find

m, =598 x10* kg F,,="?

m, =60 kg o
r=637x10°m !

-

(Force exerted by the Earth on the person: N
5.98 x107" kg )(60k
F‘lonz = G ml’;nz - (6.67 xlo—l]N, mz/ng)( g)( ; g) — 590N
L r (6.37x10°m)
)
Weight of the person:
w =m,g = (60kg)(9.8 m/s”) = SOON
; M
Gravitational acceleration on the surface &panes =G Lﬂz
kof a planet can be generalized as (Rp,(me,)
7
Gravity on other worlds PRS

A 60 kg person stands on each of the following planets. Rank
order her weight on the three bodies, from highest to lowest.

1. 2. 3.

N pe 3R
M
2M

A. 1, then 2, then 3 M

B. 3, then 2, then 1
C. All the same .





